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VaR Value at Risk 
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This work presents an analysis of how the new accounting regime IFRS17 will affect the calculation of 
Technical Provisions and performance for the Workers’ Compensation Insurance line of business with a 
particular focus on the practical implementation issues. Comparisons with SII will be also provided. 
 
A key feature that distinguishes this particular LoB in Solvency II is that liabilities are split between similar life 
techniques (SLT) and non-similar life techniques (NSLT) depending of the nature of the specific claim. This 
means that these two techniques will have to be analysed with the appropriate methodologies that separates the 
Life from the Non-life world. 
 
In this paper the main focus is given to SLT techniques, and, in this contest, the new IFRS17 required concepts 
will be analysed. 
 
To conclude, this notions will not be left only on a theoretical level but will be joined by a practical work that 
shows the challenges of implementing IFRS 17 concepts in one specific Solvency II model and the solutions 
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The following report is a result of a six-month Internship in Addactis Iberica SA undertaken in their Lisbon 
department. Addactis Iberica is a consultancy company that provides risk and actuarial solutions for Insurance 
companies and helps them with their specific goals.  
 
Addactis, more precisely, combines the IT requirement through its own software development with the actuarial 
expertise provided by the consulting teams. Every software is designed to provide solutions for different tasks 
that are required by actuarial or risk departments. 
 
The internship was divided in two parts: The aim of the first part was gaining confidence with Addactis actuarial 
software. To cover this aspect the company gave me tutorials to be made during the internship.   
 
The tutorials have been very useful to have a better idea of the different Software environments that allowed 
me to have the practical knowledge of the different tools that the Addactis Software provides. 
 
Once I had the right handling of the software, I could advance with the second part of my internship.  In this 
part I had to deal with the main topic of my internship, indeed, I had to study the impact of the IFRS 17 on the 
Workers Compensation Line of business with a particular reference to the SLT part.  
 
In the first part of the internship report, I will analyse the theory behind IFRS 17 and its principal components 
with a particular focus on the RA methodology. Proper comparisons with the Solvency II regime will be also 
provided. This part will focus on a more theoretical level, but, however fundamental to have a correct 
understanding of the following parts. 
 
In the second part, I will analyse the Workers Compensation LoB, with an in-depth analysis of the situation in 
Portugal. The different types of liabilities that arise within the SLT LoB will also be explained with a special 
focus on the differences/analogies between them. 
 
Before starting with the specific parts of my internship report, I think, that a further and brief explanation about 
the practical approach and the general lines that followed, is due. 
To study properly the SLT products, a specific model called “SLT annuity model” was built.  
 
The SLT annuity model, just mentioned, was already developed properly for Solvency II calculations, indeed 
the best estimates for the central and stressed scenarios for the different inherent risks were already computed.  
 
My goal, with the help of my colleagues, was to update the model for the new IFRS 17 requirements, we had 
to change the way the shocks were computed and we had to deal with the new concept of Risk adjustment that 
was not contemplated in Solvency II. 
 
Moreover, I want to add the fact that my research was just a part of a bigger part of the company project that 
comprises also the NSLT part and the measurement part in IFRS 17.  
 
Overall, and in the perspective of a Master’s Final Work, this internship report combines the theoretical 
knowledge acquired during the master, especially regarding Solvency II, IFRS 17 and Life calculation 
techniques, and an anticipation of the market’s needs with an application in the Portuguese context. 
 




2. ANALYSIS AND COMPARISON BETWEEN IFRS 17 AND SOLVENCY II 
 
2.1. Main target and goals of the two regimes 
 
The insurance industry fulfils a fundamental role in the global economy. Insurance companies enable people 
and companies to transfer risks. Insurers, with 13 trillion in assets, count for 12% of total assets listed in IFRS 
standards.1 
 
Insurers, for the nature of their business, are exposed to many risks. The company’s financial health affects the 
global economy. Hence financial statements need to reflect properly insurance risks, and changes in those risks, 
in a timely and transparent way. 
 
In the previous Standard IFRS 4, companies were not required to account for insurance contracts in one specific 
way. Instead, insurance contracts were accounted for differently across jurisdictions and may even be accounted 
for differently within the same company. 
 
Furthermore, many insurers’ financial statements lack regular updates of the value of insurance obligations to 
reflect changes in economic environment. 
 
Moreover, with existing accounting for insurance contracts, investor and analysis find difficult to: 
 
1. Identify which groups of insurance contracts are profit making or loss making and 
2. Analyse the trend information about insurance contracts 
 
The aim of IFRS 17 was to address all these inadequacies in insurance accounting practice. It requires, indeed, 
that all insurance companies be able to reflect the real economic changes in financial statements, resulting in an 
increase of global comparability and improving the quality of financial information and contributing to long-
term financial stability. 
 
Particularly, the International Accounting Standard Board issued IFRS 17 in May 2017. IFRS 17 sets out the 
standard that a company should apply in reporting information about insurance contracts it issues and 
reinsurance contract it holds.  
 
IFRS 17 is effective from January 2023 and replaces an Interim Standard- IFRS 4 Insurance contracts. 
 
IFRS 17 is the first comprehensive and truly international IFRS Standard establishing the accounting for 
insurance contracts. 
 
 Moreover IFRS 17: 
 
1. Provides updated information about the obligations, risk and performance of insurance contracts, 
 
2.  Increases transparency in financial information reported by insurance companies, which will give 
investors and analysts more confidence in understanding the insurance industry;  
 







1 International Accounting Standard Broad®. (May 2017). IFRS-17- Effect- Analysis 




The Solvency II regime, on the other hand, has been in force since 2016 and introduces for the first time a 
harmonised, sound and robust prudential framework for insurance firms in the EU. 
 
It is based on the risk profile of each individual insurance company and seeks to promote comparability, 
transparency and competitiveness. 
 
The previous regime, Solvency I, showed certain structural weaknesses: It was not risk-sensitive, and a number 
of key risks, including market, credit and operational risks were either not captured at all in capital requirements 
or were not properly taken into account. 
 
All that caused several issues like over simplistic models, wrong intervention time by supervisor and sub-
optimal capital allocation in terms of risk and return of shareholders. 
 
In addition, the 2007-08 subprime crisis highlighted the need to review the European Union supervisory model 
for the financial sector: different supervisory organisms were established for Macroprudential supervision 
(ESRB) and Microprudential supervision (EBA, EIOPA, ESMA). Each with a respective role and function. 
 
The Solvency II framework is divided into 3 pillars: 
 
• Pillar 1 sets out quantitative requirements, including the rules to value assets and liabilities (in particular, 
technical provisions), to calculate capital requirements and to identify eligible own funds to cover those 
requirements; 
 
• Pillar 2 sets out qualitative requirements for risk management, governance, as well as the details of the 
supervisory process with competent authorities; this will ensure that the regulatory framework is 
combined with each undertaking's own risk-management system and informs business decisions; 
 
• Pillar 3 addresses transparency, reporting to supervisory authorities and disclosure to the public, thereby 
enhancing market discipline and increasing comparability, leading to more competition. 
 
 
Comparing IFRS 17 and Solvency II on a high level, both frameworks adopt a Market consistent measurement 
approach. The differences that exist in the detailed requirements of the two frameworks reflect the objectives 
and scope of the two respective regimes.  
 
IFRS 17 deals with reporting the rights and obligations from insurance contracts in the context of general-
purpose financial reporting, i.e. reporting of information to the financial markets. 
 
Doing that, IFRS17 is indeed targeting the valuation and performance of the Insurance contracts and within that, 
the valuation of Technical Provisions. 
 
Solvency II, on the other hand, focuses on the valuation of insurance obligations within a risk-based framework 
with the protection of policyholders and beneficiaries at its heart. 
 
Solvency, anyway, covers not only aspects relating the valuation of Liabilities but the Regime itself also covers 
many other aspects like valuation of assets, Economic Balance Sheet, and an attempt to analyse and measure 
all the standard risks that (re) insurance companies are exposed to. 
  





2.2. Valuation of liabilities in IFRS 17 and Solvency II 
 
In this part the analogies/differences in the computation of insurance liabilities in the two regimes will be 
analysed. 
 
First, the requirements on the aggregation of insurance contracts in IFRS 17 will be handled through the 
definition of GoC and contract boundaries.  
 
I will also shortly introduce the two types of liabilities that are present in IFRS 17 (Liability for incurred claims, 
Liability for remaining coverage) as well as the estimates of fulfilment cash flows (expected value of future 
cash flows, discount rate, Risk adjustments) plus CSM, and their corresponding items in Solvency II regime 
(best estimate, risk margin). 
 
All these terms will be only introduced in this section and will be further analysed in their dedicated sections in 
chapter 2. 
  
We will refer to them also, in chapter 3, where we will see how the choice of different measurement methods 
can influence the calculation of liabilities and consequently change or improve the process. 
 
Figure 1 below identifies the relationship between the different elements. 
 
 
Figure 1 - IFRS17 Liability measurement diagram2 
 
i. Group of contracts 
 
Insurance companies underwrite large numbers of similar contracts to pool risk. For this reason, the IASB has 
introduced IFRS 17 guidelines for contract aggregation in the calculation and adjustment of the Contractual 
Service Margin (CSM). 
 
The objective of this grouping, for insurers, is to analyse the profitability. The guidelines, in this context, seek 




2 MOODY’S Analytics®. IFRS 17 Implementation: Best Practices and Opportunities 





The right definition of a GoC takes a fundamental role in the evaluation of the “profitability level” of the 
contracts and the computations of CSM. 
 
In IFRS 17 the present value of future cash flows is required at the Group of Contract level. The criteria used to 
set the minimum aggregation level for contract groups are: 
• Portfolio level – contract groups should contain contracts within a product line with similar risks that are 
managed together. 
• Cohort – contract groups should contain contracts that are issued no more than one year apart. 
• Profitability level – contract groups should distinguish between contracts that are: 
o Onerous at initial recognition, or 
o At initial recognition have no significant possibility of becoming onerous, or 
o Remaining contracts (i.e. neither of the above). 
We will focus, in this part on these last two points: the Cohort and the Profitability level criteria. 
 The rational reason for the division in annual cohorts is that usually economic circumstances and profitability 
may change, or the insurer may modify the price of the contract from one year to the other. We refer to it as 
“annual cohort” but we can also refer also to shorter periods, let’s say quarterly. 
Finally, the last point is the most challenging part for insurance companies but is also one of the most relevant 
aspects to take into account at initial recognition.  
The IFRS 17 standard requires separate reporting of onerous groups from profitable groups; the time of 
recognition of onerous groups will affect the liability value. Contracts are considered onerous at initial 
recognition, if the fulfilment cash flow arising from the contract is a net outflow. 
 In this case, the insurer recognizes an immediate loss in the financial statements and a CSM of zero is 
established.  
The CSM is, indeed, the expected unearned future profit to be recognized as services are provided. If a contract 
is onerous no unearned profit will arise and the concept of CSM will be zero. 
It is the responsibility of each insurance company to determine the potential profit/loss of each contract. The 
most used methodology is called “profitability /onerous test” that could be based on the sensitivity of the profit 
on the assumptions used, and on internal reporting information based on experience. 
The Solvency II regime allows the allocation of contracts to a LoB that corresponds to the minimum level of 
segmentation, with a specific separation into life/non-life products.  
Moreover, inside a Solvency II LoB, insurance companies may identify homogeneous risk groups (HRG), if 
needed, similar to the”portfolio level” used in IFRS 17. In any case there is no strict and detailed definition of 
GoC as in IFRS17. 
  





ii. Contract boundaries 
The boundary of a contract represents the point beyond which the policyholder no longer has substantive rights 
under the contract, and the insurer no longer has a substantive obligation to provide services. Any cash flow 
beyond the boundary are not recognised in the measurement of the liability.  
Like shown in figure 2: 
 
 
Figure 2 - IFRS17 Contract boundary explanation diagram3 
Here IFRS 17 definition of contract boundary is proposed while SII contract boundary regulation will be left 
in the appendix C. 
IFRS 17 defines contract boundary as follow:  
“Cash flows are within the boundary of an insurance contract if they arise from substantive rights and 
obligations that exist during the reporting period in which the entity can compel the policyholder to pay the 
premiums or in which the entity has a substantive obligation to provide the policyholder with services. A 
substantive obligation to provide services ends when: 
 a. The entity has the practical ability to reassess the risks of the particular policyholder and, as a result, can 
set a price or level of benefits that fully reflects those risks; or 
b. Both of the following criteria are satisfied:  
i. The entity has the practical ability to reassess the risks of the portfolio of insurance contracts that contains 
the contract and, as a result, can set a price or level of benefits that fully reflects the risk of that portfolio; and 
 
3 Deloitte®.(June 2019). Formación IFRS 17 




 ii. The pricing of the premiums for coverage up to the date when the risks are reassessed does not take into 
account the risks that relate to periods after the reassessment date.” 4 
Definition could differ between each regime, anyway EIOPA gave his view: “Even though Solvency II uses 
slightly different wording than IFRS 17 to express the objective, one cannot expect material differences to the 
resulting contract boundaries, other than in circumstances where the insurer has the legal right to reprice the 
premium for the re-assessed risk, but can reasonably justify the insurer does not have the practical ability to 
reprice.”5 
iii. Estimates of future cash flows 
IFRS 17 requires insurance companies to estimate future cash flows: fundamental to recognize the future profits 
derived as the difference between future inflows (premiums, recoverable) and future cash outflows (indemnity 
payments and benefits, direct and indirect expense, taxes and charges levied on policyholders). 
 Like we saw in the paragraph above, only cash flows within the contract boundaries should be considered.  
Estimates should be: 
• Unbiased, current and explicit 
• Include all information on amount, timing and uncertainty of cash-flows 
In Solvency II the same technique is known as “the best estimate “calculation. 
Solvency II’s BE  represent the value of all future cash flows related to the past, present and future  of existing 
contractual obligations. These cash flows are composed of all future claims payments, allocated and unallocated 
expenses and expected future premiums related to policies in force. 
The calculation of the BE should be obtained by taking into account the uncertainty of future cash flows. 
Moreover, will be affected by the type of insurance products we are dealing with and could be measured with 
Life, Non-life, or a mix of both techniques. 
 
iv. Discount rates 
The discount rate applies to the estimate of future cash flows and it reflects the time value of money of the cash 
flows and liquidity characteristics of insurance contracts. In IFRS 17 it should reflect, explicitly, the financial 
risk for instruments whose characteristics are consistent with insurance contracts. 
In IFRS 17, two general approaches are used to determine the right interest rate to apply: 
• Top-down approach 
• Bottom-up approach 
In Solvency II, instead, the present value of future cash flows is done by using the risk-free interest rate structure, 
given by EIOPA. 
 
 
4 IFRS17 CSM Working Party. (November, 2019). Determining contract boundary under IFRS17 
5 EIOPA’s analysis of IFRS 17 Insurance Contracts, October 2018 




Certain adjustments can be applied in some situations in Solvency II, in particular: 
• Volatility adjustment 
• Matching adjustment 
Both, IFRS 17 and Solvency II methodologies will be analysed in chapter 2.3 
v. Risk adjustment 
Risk adjustment is a specific element in IFRS 17 that represents the compensation required   by the insurer for 
bearing the uncertainty about the amount and timing of cash flows that arises from non-financial risk. 
The different methodologies will be further analysed in chapter 2.4. In particular, the one that relates with the 
practical research: the VaR approach. 
Also, comparisons with the risk margin in Solvency II will be further discussed. 
2.3. Discount rate in IFRS 17 
IFRS 17, like we explained before, allows to two different approaches to construct the discount rates. The two 
approaches (bottom-up/top down), do not necessarily produce the same result, like is shown in figure 3: 
 
 
Figure 3 - IFRS17 Yield curve construction approaches6 
  
 
6 MOODY’S Analytics®, IFRS 17 Discount rate 




2.3.1. Analysis and comparison between bottom-up/top-down approaches 
 
i. Bottom- up method 
A fully liquid risk free yield curve is the foundation for the ‘bottom-up’ approach outlined in Figure 3. IFRS 17 
does not define a specific risk free yield curve to derive. Usually, insurers define the curve using government 
bonds or inter-bank swap rates.  
An addition to this curve is made to reflect the differences between the liquidity characteristics of financial 
instruments and the liquidity characteristics of the insurance contracts. 
Usually the assets composing the risk-free yield curves are traded in deep and liquid markets.   For this reason, 
investors are able to rapidly sell the assets without incurring additional cost. 
Policyholder, instead, are not able to trade their policies for different reasons like surrender penalties or 
minimum guarantee returns. Moreover, insurance companies can’t be forced to do earlier payments. Therefore, 
due to these “source of illiquidity” insurance contracts tend to be less liquid than financial instruments. 
ii. Top-down method 
For the “top-down” approach insurers may use a reference portfolio of their own assets or a hypothetical asset 
portfolio which matches the characteristics of insurance contracts.  
Discount rates that represent the market implied yields of a reference portfolio of assets, are adjusted downwards 
to eliminate any components of the reference portfolio yield that are not consistent with the characteristic of an 
insurance contract (credit risk). After that  insures make an adjustment for asset liabilities mismatches. 
For this reason, under a top down approach insurers will need to decide a methodology to remove from the 
market rate of return any element that is in respect of credit risk. 
 
iii. Comparison with discount rate in Solvency II 
As mentioned before, in Solvency II, in order to calculate the BE of an insurer liabilities the discount rate applied 
is the risk free interest curve given by EIOPA. The curve is generally obtained based on interest rate swaps, 
adjusted to eliminate the credit risk.  
The curve should be extrapolated using data from a deep, liquid and transparent market. The LLP (last liquid 
point), in this sense, is the last point in the curve where data seem to have the characteristics described above. 
In the case of Euro the LLP is 20 years.  
After that is decided that the curve will reach the UFR (ultimate forward rate) with a certain speed of 
convergence, that in our case is 40 years.  
The two most common adjustment applied on the interest rate curve will be analysed below. 
 
 




iv. Volatility adjustment 
The Volatility Adjustment (VA) is a constant addition to the risk-free curve, It is designed to protect insurers 
with long-term liabilities from the impact of volatility on the insurers’ solvency position. 
The VA is based on a risk-corrected spread on the assets in a reference portfolio. It is defined as the spread 
between the interest rate of the assets in the reference portfolio and the corresponding risk-free rate, minus the 
fundamental spread (which represents default or downgrade risk). 
The VA is provided and updated by EIOPA and can differ between currencies and countries. The VA is just 
added to the liquid part of the risk-free zero-coupon rates, i.e. until the so-called Last Liquid Point (LLP). 
After the LLP, the curve converges to the UFR. 
v. Matching adjustment 
The MA, instead, is an upward adjustment to the entire risk-free term rate curve and it has the same purpose of 
the VA. Although the MA is usually higher than the VA, it could become negative. 
Finally, the MA is not always available but has to be applied only to specified identified portfolios. For example, 
if insurers have long predictable liabilities and can hold matching assets to maturity, are not exposed to the risk 
of changing spreads, they may be allowed to adjust the risk-free discount rate.  
Those adjustments applied to the discount rate will lead to a lower value of the technical provisions, 
consequently a higher value of own funds (excess of assets over liabilities). 
2.4. Risk adjustment in IFRS 17 
Risk adjustment corresponds to the compensation that an entity requires for bearing uncertainty about the 
amounts and timing of cash flows related to non-financial risks in insurance contracts.  
IFRS 17 emphasizes the need to separate insurance risks (longevity risk, lapse risks, expense risk) from financial 
risks (market risks, credit risks) involved in determining the RA and BE respectively, like shown in figure 4: 
 
 
Figure 4 - IFRS17 RA/BE diagram7 
In the calculation of RA no specific method is prescribed, anyway, there are some qualitative principles that 
should be taken into account 
• Risk of low frequency and high severity should lead to a higher level of RA than risks of high frequency 
and low severity, 
 
7 Addactis®. (June 2019). Volada_Paper_Addactis_IFRS_17_Risk_Adjustment 





• For similar risks, a contract having a longer duration must lead to a higher RA, 
 
• The RA must be increased according to the thickness of the distribution tail of the underlying risk, 
 
• The less information is available of the estimation of liabilities and possible underlying trends, the 
higher the RA must be, 
 
• As the progressive acquisition of information reduces the uncertainty about the amount and payments 
date of future flows, the RA must decrease accordingly. 
There are also, other important considerations that will be relevant to an entity to set the risk adjustment: 
• Consistency on how the insurers assess risk from a fulfilment prospective approach 
• Practicality of implementation and ongoing re-measurement  
• Translation of the RA for disclosure of an equivalent confidence level method 
Several methods are potentially available, although their usage should meet the criteria above, given the specific 
circumstances of the company. Potential methods are quantile techniques like VaR or TVaR, CoC technique, 
or scenario modelling also could be used. In paragraph 2.4.2 some of them will be analysed with more details.   
2.4.1 Diversification and Risk adjustment allocation issues 
One of the key aspects of the risk adjustment is that to reflect the benefits of diversification between the 
insurance risks and liabilities portfolios in the valuation of the RA. 
Diversification, can occur because of whole or partial independence: 
• Between risks 
• Between collection of contracts 
 
IFRS 17 requires that contracts within a portfolio have similar risks are managed together. So, diversification 
between similar risks and contracts should be included. Moreover, since the RA is implicitly linked to CSM 
calculations, and these are computed at the GoC level, the RA, has to be computed at the same level of 
granularity (although may be consolidated at higher level). Like shown in figure 5: 
 
Figure 5 - Relationship between RA and CSM8 
 
8 Addactis®. (June 2019)Volada_Paper_Addactis_IFRS_17_Risk_Adjustment 




There are two methodologies to get the Risk adjustment at the GoC level: the Bottom- up contract group 
approach and top-down aggregate approach. 
i. Bottom- up contract group approach 
We define a bottom-up approach as an approach where the risk adjustment calculations are carried out at IFRS 
17 Group of contract level directly. 
The advantage is, having, a RA directly at the GoC level without intermediate calculations, this produce a faster 
and easier comprehension. The main problem with this approach is that does not allow for diversification 
between contract groups.  
This means, that the risk adjustment for any collection of Group of contract is the sum of risk adjustment for 
each contract group. The diversification benefit could be small with contract groups of the same product type, 
but larger across different product types producing a risk adjustment that is potentially overestimated. 
ii. Top-Down aggregate approach 
A top-down approach is used when the risk adjustment calculation is performed in aggregate across different 
IFRS 17 contract groups of a particular entity or fund. Implicitly, it will include an allowance for the 
diversification between the contracts. 
So after a global computation of the RA an allocation method for each contract group is required.  
One of the most used and simplest method is the scalar allocation.  Under the scalar approach the aggregate risk 
adjustment is allocated in proportion to the reference measure. 
A reference measure could be everything available at GoC level like the expected present value of future cash-
flow. It is important to mention that the use of this element can lead to negative values and in those cases, we 
need to find an alternative to provide the allocation of the RA that cannot be negative by definition. 
 
  




2.4.2 Risk adjustment calculation methodologies 
i. Value at Risk 
 
The Value at Risk approach is used for the Standard Formula Solvency Capital Requirement calculation under 
Solvency II and frequently used for internal economic capital calculations. 
For both the Standard Formula and Internal Models, the calculation covers all risks and the confidence level for 
the required capital is set at the 99.5th percentile over a one year time horizon. 
For IFRS 17, the confidence level is defined by the single insurer at xth percentile over the iabilities total 
projections horizon. 
The VaR approach can be summarized as follows:  
o The entity determines the target confidence level at which it determines its compensation required, 
xth percentile  
 
o VaR is determined such that the probability of actual fulfilment cash flows being less than VaR is 
x% 
 
o Risk adjustment is then determined as VaR @xth percentile less the mean of present value of 
probability-weighted cash flows 
 
ii. Conditional tail expectation (CTE) 
 
The Conditional Tail Expectation (CTE) approach can be summarized as follows:  
Entity determines the target confidence level at which it determines its compensation required, e.g., xth 
percentile. 
 • From the probability distribution, an entity can determine: 
• (A) Conditional mean of the fulfilment cash flows beyond the target percentile o 
• (B) Mean of present value of probability-weighted cash flows  
Risk adjustment is then determined as the difference between A and B 
  





2.4.3. Comparison between RA and risk margin 
Despite the conceptual proximity of the concept of RA and Risk margin, they have several differences. The 
table below will summarize these differences:  
 
TABLE 1 - COMPARISON BETWEEN RISK ADJUSTMENT AND RISK MARGIN9 
 




Requires for bearing the uncertainty 
about the amount and timing of the 
Cash Flows that arises from non-
financial risks 
Estimated based on the transfer of all 
insurance liabilities to another insurance 
undertaking 
Methodology 
No method specified; however, 
confidence level associated with the 
RA must be provided in all cases 
Cost of capital method 
Parameter 
setting 
Confidence level, risk measurement 
and methodology to be defined 
according to the risk aversion of the 
insurance entity 
Cost of capital rate set at 6 % and applied to 
the net present value of the prospective SCRs 
underlying calculation. 99.5% confidence level 
implicit in the calculation of SCRs 
Risk horizon Must cover the duration of liabilities One-year vision 
Risk perimeter 
Non-financial risks related to 
insurance contracts 
Underwriting, counterparty, and operational 
risks (for NL business where Market Risk can 
be considered negligible) 
Granularity Portfolios x Group of contracts Lines of business 
 
9 Addactis®. (June 2019)Volada_Paper_Addactis_IFRS_17_Risk_Adjustment 




3. IFRS 17 MEASUREMENT MODELS 
 
After having analysed, in the previous chapter, the fundamental elements present in IFRS 17, this chapter will 
be focused more on how the valuation of liabilities could change based on the different measurement method 
applied. 
Before starting to present the different measurement models that exist in IFRS 17, it is important to have clear 
in mind the difference between initial and subsequent recognition. 
i. Initial recognition 
 
On initial recognition, an entity shall measure a group of insurance contracts at the total of: FCF (BE, RA, 
Discount rate) and CSM. 
In this case, the reporting date is equal to the start of the insurance contract coverage period. The company 
doesn’t have to take into account past claims but has just to focus on unexpired risks (LRC). Like shown in 
next figure  
  
Figure 6 - Initial measurement evaluation liabilities diagram 
 
ii.  Subsequent recognition  
 
The carrying amount of liability for a group of insurance contracts at the end of each reporting period should be 
the sum of: 
 
• Liability of  remaining coverage comprising: 
 
o The fulfilment cash flows related to future services allocated to the group at that date 
o The contractual service margin of the group at that date. 
 
 
• The liabilities for incurred claims, comprising the fulfilment cash flows related to past services 
allocated to the group at that date. 
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The image summarizes this concept: 
   
Figure 7 - Subsequent measurement evaluation liabilities diagram 
 
Like shown in the image below, there are two different models to measure liabilities in IFRS 17: GMM and 
PAA.  
 





Figure 8 - Comparisons of liability computations between GMM and PAA 
 
For completeness of information, another approach called “VFA”, may be used, especially in Life-business, but 
will not be treated in this report. 
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3.1. GMM model 
 
The general measurement model applies to all insurance and reinsurance contracts with periods longer than one 
year, which have direct or indirect participation. If an insurance company chooses not to use the GMM then it 
will have to justify that choice and for many contracts will be the only option. 
 
 The GMM is sometimes called the Building block Approach. This is because the measurement of an insurance 
contract is broken into a number of blocks that are the FCF (Expected value of future cash flows, Discount rate, 
RA) plus the concept of CSM for the future business.  
A practical example of valuation of CSM under the GMM model is given in the image below. 
 
 
Figure 9 - Practical example of CSM computation at initial valuation10 
 
In the image above the Present value of future inflows (-100), PV future outflows (+60) and RA (+10) lead to 
a contract that is profitable (-100+60+10= -30), CSM exist and must be equal to the value that gives rise to a 
null profit at inception (+30 in our case).  
In the case the Present value FCF>0, the contract is considered onerous: the value that exceeds must be entered 
in the P&L calculation. 
 
During the subsequent measures, the CSM, if exists, it will change based on actuarial assumptions (Lapse, 
Mortality, Longevity Acquisition costs, Administration costs). It will be adjusted annually based on changes in 
future cash flows and RAs. When the CSM zeroes, finally, the estimation of future cash flows will be recognized 
in P&L. 
 
To conclude, if changes are favourable the CSM will increase without a specific limit, instead, in a presence of 
unfavourable changes it will not be negative: the resultant amount will be taken in the P&L calculation. 
 
Is interesting to observe that while SII automatically assumes that it is already in the P&L within the Own Funds 
(implicitly) in IFRS17, we create this new liability to account for a profit that cannot be considered “earned” 
until we provide the service. 
  
 
10 Deloitte®.(June 2019). Formación IFRS 17 
 




3.2. PAA model 
 
The PAA approach does not use the CSM concept. The liability for Remaining Coverage is instead based on 
the premium received and passage of time or another driver.  
 
The insurer is not required to create a view of all future cash flows instead the initial insurance asset on initial 
recognition is simply any premium received in the period. Note this is a not a view of all future premiums under 
the contract but only the premium received in the period. 
 
This asset can be reduced by any acquisition costs. The liability for Remaining Coverage is then the opposite 
sign of the premium, less any acquisition costs.  
 
To use this method, some requirements must be met: 
 
• An entity has to justify that the result obtained  in the computation under PAA approach should be 
similar to the one under GMM 
• Contracts shouldn’t exceed one year duration coverage 
• Contracts  should be profitable (an onerous test could be required) 
 
From the nature of this approach, it seems evident that it will be used by many companies that operate in the 
Non-life sectors. The calculation of RA and CSM could not be so straightforward and many companies will try 
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4. WORKERS’ COMPENSATION LINE OF BUSINESS 
 
Since 1913, employers have been obliged in Portugal to insure the consequences of accidents at work suffered 
by their employees. In this context, the legal obligation of insurance for the risk of accidents at work was 
established, with the aim of ensuring that employees and their families have adequate compensation for damages 
arising from accidents at work. 
 
An accident at work, more precisely, is one that occurs in the workplace and during working hours, producing 
bodily injury, functional disturbance or illness resulting in reduced work capacity, or income, or death. 
 
The legal regime of Workers compensation, in Europe, is usually managed by national social security while in 
Portugal it is based on the subscription of a private compulsory insurance with private entities, the insurance 
companies. 
 
Regardless of the private nature of this LoB in Portugal, the State itself also assumes a fundamental and direct 
role in the scope of protection and reparation of the damages to the injured parties of accidents at work and their 
legal beneficiaries.  
 
This is done through the “Fundo de Acidentes de Trabalho” (FAT) created for promoting eminently social 
purposes in the contest of Workers Compensation. The FAT became the mechanism by which the State becomes 
the guarantor in situations that the insurance market, per se, does not cover.  
 
The FAT, in any case, is considered an expense for insurance companies: the FAT is partially funded directly 
by them through a percentage on the amount corresponding to the redemption capital of pensions running at the 
end of each year (mathematical provisions). 
 
The Workers compensation LoB comprises two groups of benefits: 
 
• Medical, surgical, pharmaceutical, hospital and any other assistance, including expenses for 
accommodation, transport, prostheses in so far as they are necessary to restore the injured person's state 
of health and working and earning capacity, and their functional rehabilitation. 
These type of claims are of the following nature: uncertain in its timing and frequency, so, the 
underlying risk is not the mortality or survival of the beneficiary resulting in a obligation analysed with 
NSLT techniques. 
 
• Life annuity for reduced working or earning capacity; supplementary allowance for assistance by a third 
person; allowances for high permanent incapacity, for re-adaptation to housing and for death and funeral 
expenses; pensions for members of the family for the death of the injured person.  
The amount of these claims is pre-defined and the uncertainty comes from the survival of the individual 
resulting on a type of obligation that is managed with Life Techniques within the Actuarial practice. 
 
 
 The next chapter will be more focused in the second type of benefits. 
  




4.1. Best estimate for WC SLT liabilities 
 
The BE, under SII, for life insurers obligations should be calculated for each policy, projecting the cash flows 
separately. However, in order to facilitate the process, it is possible to aggregate homogenous risk groups 
together, obtaining a good approximation for the calculation of the BE. 
 
For IFRS17 implementation, due to the similarity of the concepts with SII, the calculation method remained 
unchanged. 
 
The calculation of the degree of disability and the respective annual pension, in “SLT annuity model”, is 
considered as an input defined, case by case, by “Portaria_Lei_98_2009”. For this reason, I will analyse, from 
a theoretical point of view, the different cases even though they are not explicitly calculated in the SLT project. 
 
 
SLT liabilities are divided into two categories: 
 
•  Pensions divided into: 
 
o  For permanent disability 
o  For Dependants in case of death of the insured 
 
• Life time assistance 
 
It is important to remember that some pensions are redeemable: this aspect will be analysed, in more details in 




i. Non-redeemable pensions 
 
The capital compensation and the pension for permanent incapacity and the allowance for high permanent 
incapacity are benefits intended to compensate the injured person for the loss or permanent reduction of his 
capacity to work or gain resulting from an accident at work. 
 
Depending on the seriousness of the disability there may be different benefits  
 
o Absolute permanent incapacity for any work - annual and lifelong pension equal to 80% of 
salary, plus 10% of salary for each dependant 
 
o Absolute permanent incapacity for normal work - annual and lifelong pension equal to between 
50% and 70% of salary, depending on the residual functional capacity to exercise another 
compatible work 
 
o Partial permanent incapacity - annual and lifelong pension equal to 70% of the reduction 
suffered in the general capacity to earn 
 
o Absolute temporary incapacity - daily compensation equal to 70% of the salary for the first 12 
months and 75% for the following period 
 
 
For Dependants in case of death of the insured: 
 




o Spouse or unmarried partner - 30 % of the injured person's salary until reaching retirement age 
and 40 % from that age or from a disability or chronic illness which significantly affects their 
ability to work 
 
o Descendants - 20 % of the injured person's salary if only one, 40 % if two, 50 % if three or 
more, and twice these amounts, up to a maximum of 80 % of the injured person's salary if they 
were orphans of both parents. 
 
o Ascendants- 10 % of the injured person's salary for each, and the total pensions shall not exceed 
30 % of that salary. In absence of other beneficiaries they will receive 15% of the injured 
person's salary until they reach the retirement age due to old age, and 20% from this age or in 
the case of disability or chronic illness that significantly affects their ability to work. 
 
o FAT-if there are no beneficiaries entitled to a pension, a sum equal to three times the annual 
salary is paid into the Industrial Accidents Fund. 
 
ii. Redeemable pensions 
 
Some pensions could be “redeemable” (paid as a lump sum) if the following conditions are fulfilled: 
• A pension is compulsory redeemable if the injured person has permanent partial incapacity of less 
than 30 % and the value of the annual pension is not more than six times the value of the minimum 
monthly guaranteed salary in force on the day following the date of discharge or death. 
 
• A pensions may be partially redeemed  by the request of the injured person or the legal beneficiary 
if the injured person has permanent partial incapacity of more than 30%  provided the following 
limits are respected: 
 
 
o The remaining annual pension may not be less than six times the minimum monthly 
guaranteed salary in force on the date the redemption is authorised 
 
o The redemption capital may not exceed that which would result from a pension calculated 
on the basis of a 30 % incapacity 
 
 
The redeemable pension value will be obtained by the following formula: 
 
1) 𝑅𝑃𝑉 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑝𝑒𝑛𝑠𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒 ∗ 𝑟𝑒𝑑𝑒𝑚𝑝𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 
 
Where the Annual pension value is obtained case by case defined before, while the redemption factor is 
established by law in Portaria no 11/2000 left in the annex. 
 
4.3. Lifetime assistance 
 
Lifetime care includes a set of benefits to compensate the worker incapacitated due to an accident. These 
benefits may include: medical expenses, prostheses, changes of implanted medical devices, hospitalization, and 
so on.  
 
The benefits listed above may change depending on the health status of the worker; they usually tend to be 
higher in the early stages and then decrease as the worker improves. Due to this and to the non-constant 
frequency of payments, the calculation of BE is not easy to achieve. 
 




4.4. SLT Annuity Model assumptions 
 
As we have seen before, contracts belonging to Lob Workers Compensations can generate two types of claims 
(NSLT, SLT) which must be treated with the methods mentioned above. 
 
Once the claim happens the claim can be classified as a Non-life type of claim or Life type of claim: the person 
may just need hospital and any other assistance but, in more serious cases, a disability pension or life assistance 
may be required. 
 
In our SLT Annuity Model we analysed claims that are to be managed with Life techniques (SLT). For this 
reason our focus is on LIC rather than LRC. (We are also considering the duration of the contract is for one 
year). 
 
The LIC is characterized just by Outflows only and not Inflows:  we are projecting only payments for benefits 
(pension), Capital (for Redeemable pensions) and associated expenses. 
 
In the LIC, it must be remembered that the only model available is the GMM which requires the calculation of 
FCF but not of the CSM. 
 
The image below will summarise this concept: 
 
 
Figure 10 - Brief description of 1 year renewable insurance contract for WC 
 
  






4.5. Calculation of IFRS 17 Longevity shock using Lee-Carter model 
 
This paragraph will analyse the theoretical aspects that link the Shocks in SII and IFRS 17. 
 
In particular, it will be shown how it is possible to obtain the shock for Longevity Risk in IFRS 17 starting from 
the knowledge of SII: to do this use the Lee-Carter model assumptions will be used. 
 
i. SII Shocks 
 
It is important to remember that in our analysis we are focusing on liabilities that are calculated based on certain 
scenarios of the risk factors underlying this type of obligation, i.e., in the case of Health SLT in Solvency II, 
what is considered to be underwriting risk (longevity, revision and expense).  In fact, in our study, we are going 
to derive the calculation of the IFRS17 Longevity shock based on the approach proposed by the SII for the 
analysis of the risks inherent in these obligations. 
Under the Solvency II Standard Formula calculation, a stress test and correlation approach is used, where the 
stress tests and correlations are calibrated by EIOPA. Under this approach, we have first to compute the present 
value of future cash flow, the so called BE in a Central scenario. The calculation will be repeated with the 
margins added to different assumptions (Stress Scenarios) left in Appendix B.  
Under IFRS17, stresses are no longer defined by IASB and do not represent the volatility over one year but 
need to cover the volatility over the full horizon of the projections. Shocks are no longer fixed but they vary 
with time (they are projected), as shown in paragraph 4.6. 
The differences between the stressed runs and the central run are used to compute, what in Solvency II it is 
considered the SCR and in our IFRS17 approach, the marginal RA which are then aggregated using a correlation 
matrix so obtain what in Solvency II is the total Health SLT Underwriting Risk and in IFRS17 the Health SLT 
total Risk Adjustment. 
 
 
ii. Lee-Carter model 
 
The Lee-Carter method of forecasting mortality combines a demographic model of mortality with time-series 
method of forecasting. The usual formula is: 
 
(1) ln(𝑢(𝑥, 𝑡)) = 𝑎𝑥 + 𝐵𝑥𝐾𝑡 + 𝜀𝑥,𝑡 
Where: 
 
𝑢(𝑥, 𝑡)- central mortality rate at age x in year t 
 
𝑎𝑥- describes the general shape of mortality at age x 
 
𝐾𝑡- measures how mortality evolve with time 
 
𝐵𝑥 –measures the change in the rates in response in the underlying time term in the level of mortality  𝐾𝑡  
 
𝜀𝑥,𝑡- Independently distributed normal random variables with mean 0 and some variance to be estimated.  
 
The Lee-Carter model requires, in order, to estimate the parameters 𝑎𝑥, 𝐵𝑥, 𝐾𝑡 ,  some constraints need to be 
imposed:∑ 𝐵𝑥𝑥 =1, ∑ 𝐾𝑡𝑡 =0 





One approach to forecast the parameter 𝐾𝑡 is through time series methods using a random walk on the 
differences 𝐾𝑡  series ARIMA (0,1,0) like in the below formula: 
 
(2) 𝐾𝑡 = 𝐾𝑡−1 + 𝐶 + 𝜎𝜀𝑡 
 
Where 𝜀𝑡 ≈ 𝑁 (0,1) 
 
From equation (2) we can obtain from recursion the next equation  
 




And the quantile of the log rate is (substituting (3) in (1)): 




We can take it from the quantile everything is not stochastic and we obtain: 










𝑘=1   ≈ 𝑁 (0,t) (i.i.d), so   
1
√𝑡




𝑞𝑎(ln(𝑢(𝑥, 𝑡))) = 𝑎𝑥 + 𝐵𝑥(𝐾0 + 𝐶. 𝑡 + 𝜎√𝑡. 𝑞𝑎(
1
√𝑡





Finally we obtain eq (4)  
 
(4) 𝑞𝑎(ln(𝑢(𝑥, 𝑡))) = 𝑎𝑥 + 𝐵𝑥(𝐾0 + 𝐶. 𝑡 + 𝜎√𝑡. 𝑞𝑎) 
 
 
iii. IFRS 17 shocks calculation 
 
With the results obtained above it is possible to write the IFRS17 stress for mortality at time t and confidence 












Then we can obtain the following equation: 
 
(6) ∆𝑥,𝑡




It is possible, using formula (5) also for SII shocks: remembering that in these values are already defined by 
EIOPA (𝛽=99.5%)  
 































𝑞𝑎- Is the quantile for the confidence level 𝑎 of the standard normal distribution for IFRS 17 
 
𝑞𝛽  – is the quantile for the confidence level 𝛽  of the standard normal distribution for SII 
 




 – is the standard SII shock 
 
From equation (9), it is possible to see that the shocks in the IFRS 17 framework evolve with time. Like shown 
in the image below (example for 𝑎=75% and 𝛽=99.5%), the adjustment factor 
𝑞𝑎
𝑞𝛽




Figure 11- Evolution of IFRS17 Adjustment Factor with time 11 
 
This eq (9) will be used in case study to calculate the RA in IFRS 17. After having computed the shock it is 
possible to obtain the Marginal RA  
 
 


















4.6. Marginal RA and RA Aggregation 
 
In the chapter above, we have seen how to use the theory behind stochastic mortality models (Lee-Carter) to 
compute the new IFRS 17 shocks. 
 
In more general way, it is possible extend that approach to other non-financial risks presented in the SLT model 
(expenses, revision) if some conditions are fulfilled. In more general we can define the following formula: 
(10) 𝑅𝐴𝑖 = 𝐵𝐸𝑖





𝐼𝐹𝑅𝑆17 – Is the BE IFRS 17 stressed for a risk i 
 
𝐵𝐸 – Is the BE Central (not stress applied) 
 
After calculating the Marginal RA, the Aggregation of them is required. Different approaches can be used to do 
that: Here we will present the two most common aggregation techniques: 
 
• Correlation matrices: can be used to estimate the aggregate RA. Choosing the correlation factors, the 
entity would consider the confidence level of the risk exposure and make sure that the correlation still 
applies at that level of confidence.  
 
One advantage of this method is the simplicity of calculation and easy understanding. On the other hand, a 
single matrix estimating all the corrections may not be adequate for a particular company. 
This is the case of SII matrix where the parameters are already established by EIOPA and could be incorrect in 
some circumstances. 
 
• Copulas: An actuary could decompose the joint probability distributions into marginal probability 
distributions and a Copula that link them and allow to quantify the correlations between risks.  
 
This method can be very useful, in particular, in case of catastrophic scenarios where linear correlation 
may not properly capture the risk dependency. On other ways, they require a solid mathematical 
knowledge and could not be comprehensive and easy to explain. 
 
 
The consolidate RA computed in the next chapter, is obtained through the first method (SII correlation matrix) 
and the following formula: 
(11) 𝑅𝐴 = √𝑅′∑𝑅 
 
Where: 
𝑅 - is the vector of the marginal risk adjustements 
∑ - is the standard SII matrix 
 
4.7. Modeling: Analysis and results 
 
This part implements, in practice, what we have seen in the precedent paragraphs: the assumptions of the “SLT 
annuity models”, analysed in paragraph 4.4 will be useful to a better understanding of this part. 
 
In the previous paragraph, we have seen how it is possible to use the Lee-Carter method to obtain the Longevity 
shock for IFRS17. 
It is important to precise that in the tables below, the RAs marginal of the other shocks will be shown for 
practical purposes. For these ones, we have decided to use the same methodology for the longevity shock, 
although they are, however, the subject of more in-depth study. 





The values chosen for IFRS17 and SII quantiles (𝑞𝑎 , 𝑞𝛽) are 0.75 and 0.995 respectively, as can be seen from 
the table 2: 
 
TABLE 2 - SII & IFRS17 CONFIDENCE LEVEL  
 
Risk SII_Percentile IFRS17_Percentile 
Quantile 0.995 0.75 
 
Tables 3 shows the marginal RAs obtained with Top-Down approach (at a more general level) while 
table 4 shows the aggregate RA (obtained with SII matrix). 
 













Finally, table 5 shows the results obtained with the “Bottom-up” approach and compare with the other 
methodology. All the tables are taken at present value (projection 0).  
 




With reference to Table 5, the following concepts are present:  
 
• GoC: it refers to the Group of contract associated with every policy. What is required for the definition 
of GoC is the LoB (Workers’s compensation SLT), the kind of SLT product (Annuities, life time 
assistance) and the year of occurrence. 
 
• RA_Longevity: is the  longevity RA obtained with formula (10) 
 
• RA_Expenses: is the Expenses RA obtained with formula (10) 
 
• RA_Revision: is the Revision RA obtained with formula (10) 
 
• RA_Total: Is the aggregated RA obtained with the “Bottom-up” approach, directly at “GoC” level 
with formula (11).   





• RA:Total_Diversified_RA: Is splitting the results obtained the at aggregate level into the Group of 
contracts using the Risk adjustment as a scalar allocation. The results obtained here a lower than the 
values of the RA directly computed at the GoC level. The degree of diversification due of Group of 
contracts is taken into the account. 
 
• RA:Total_Diversified_BER: Is splitting the results obtained the at aggregate level into the Group of 
contracts using the present value of future cash flows as a scalar allocation.  
 
This method, in this case, leads to different results, in particular it increases the allocated RA in the 








The objective of this research was to seek a practical and effective response to the many questions that the new 
IFRS17 standard requires in terms of modeling and valuation of Insurance contracts liabilities.  
 
Indeed companies that operate in the Workers’ Compensation LoBs will face significant challenging in the 
implementation of this new standard. Our approach to cover the Risk Adjustment requirement in the SLT part 
seems to provide a practical solution to a complex problem. But also these companies will need to face difficult 
calculations in the computations of Future cash flows and RA at the level of granularity required for NSLT type 
of claims. 
 
The development of this model was made possible thanks to the many readings and questions that we asked 
along the way. Fundamental was the reading of articles and books available online as well the discussion with 
PhD students and qualified people.  
 
Regarding the vastness of the topic, it was not easy to choose the most relevant arguments without falling into 
digressions, perhaps interesting, but not relevant to the purpose of this research. 
 
I would like to say that the development of our model is still being updated, and we frequently stop and think 
about how we can improve it, through the feedback from our clients. 
 
Through this study, I understand how many practical challenges IFRS17 poses on insurance companies and 
how much work is needed in an often limited time. 
 
Finally, I want to focus on possible improvements that could be implemented in the future: 
 
 The correlation matrix for SLT risks is however static, the idea would be to have the coefficients of the matrix 
change over time (this could be done through a projected matrix or through the use of copulas). 
 
A more in-depth study of the risks for Expense (including inflation) and Revision, at the moment we are using 
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Appendix C- SII Contract Boundary Regulation 
 
“All obligations relating to the contract, including obligations relating to unilateral rights…to renew or 
extend the scope of the contract and obligations that relate to paid premiums… unless otherwise stated…[in 
later paragraphs]. 
 
 Obligations which relate to… cover provided… after any of the following dates do not belong to the 
contract, unless the undertaking can compel the policyholder to pay the premium for those obligations:  
a) The future date where the insurance or reinsurance undertaking has a unilateral right to terminate the 
contract;  
 
b) The future date where the insurance or reinsurance undertaking has a unilateral right to reject premiums 
payable under the contract; 
 
c) The future date where the insurance or reinsurance undertaking has a unilateral right to amend the 
premiums or the benefits payable under the contract in such a way that the premiums fully reflect the 
risks.  
 
Obligations that do not relate to premiums which have already been paid do not belong to an insurance 
or reinsurance contract, unless the undertaking can compel the policyholder to pay the future premium, 
and where all of the following requirements are met:  
 
a) The contract does not provide compensation for a specified uncertain event that adversely affects the 
insured person;  
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